Twenty-five healthy adult patients undergoing general anaesthesia for elective surgery were randomly allocated to five groups (n = 5) and their merhaniral isometric adductor pollicis activity (twitch height (TH)), was monitored. The patients in groups I, II and HI received suramethonium lmgkg" 1 followed by OrgNC45 40 jig kg" 1 5 min (group I), 15 min (group II) or 30 min (group III) after complete recovery from muscle paralysis. The patients in groups IV and V received only Org NC 45 40 and 80 ng kg"', respectively. Mean mBrimum TH depression (about 42% of initial value in group IV and 5% in group V) decreased to less than 4% in groups I, II and III regardless of the time interval between the injections of suxamethonium and OrgNC45. Mean duration to 90% recovery of Org NC 45-induced blockade was prolonged in patients in groups I, II and IH when compared with the patients in group IV (28 min p. 12 min).
The electrophysiological properties of depolarizing neuromuscular blockade in man are characterized by the absence of, or minimal, fade after train-offour or tetanic stimulation (Churchill-Davidson, Christie and Wise, 1960; Katz, Wolff and Papper, 1963; Ali and Savarese, 1976; Lee, 1975; Ramsey et al., 1980) . Thus, once the twitch height has returned to its control value after neuromuscular blockade induced by a single dose of suxamethonium, one may assume that the transmission process has been restored completely. Several reports have described the interaction between suxamethonium and non-depolarizing neuromuscular blocking agents. These studies have shown considerable potentiation of the effect of the nondepolarizing drugs when given after suxamethonium (Katz, 1971; Krieg, Crul and Booij, 1980; Krieg, Hendrickx and Crul, 1981) . In this study, this interaction has been investigated in an attempt to define the total duration of the pharmacological action of a single dose of suxamethonium. The non-depolarizing agent, Org NC45, was administered at various time intervals after full recovery from neuromuscular blockade produced by suxamethonium. OrgNC45 was chosen because recent work (Krieg, Crul and Booij, 1980; Krieg, Hendrickx and Crul, 1981) cated that potentiation following the prior administration of suxamethonium was particularly obvious with this new monoquaternary derivative of pancuronium.
PATIENTS AND METHODS
Twenty-five healthy adult patients, of either sex, undergoing general anaesthesia for elective surgery gave informed consent and were included in the study. All were free from renal, hepatic and neuromuscular disease. Mean body weight (±SEM) was 68.1 (±4.9) kg and mean age was 32.0 (±3.9) yr. Premedication consisted of diazepam O^mgkg" 1 by mouth 1 h before the induction of anaesthesia. The patient's forearm and hand were secured firmly to an arm board and a force displacement transducer (Statham UC3 -UL4/20) placed in the patient's hand. The ulnar nerve was stimulated at the wrist by needle electrodes with square-wave, supra-maximal stimuli of 0.2 ms duration at a frequency of 0.1 Hz (Grass stimulator 88). The isometric twitch tension of the indirectly stimulated adductor pollicis muscle was recorded on a polygraph. Anaesthesia was induced with methohexitone lmgkg" 1 and fentanylSjigkg" 1 i-v.; a face-mask was applied and the patient's ventilation assisted or controlled (oxygen 5 litre min" 1 ; nitrous oxide 5 litre min" 1 ). After a consistent and stable twitch height was obtained, the patients were randomly allocated to five subgroups. Fifteen patients received suxamethonium lmgkg"after full recovery from the neuromuscular blockade produced by the suxamethonium. The patients of group IV (n = 5) and group V (n = 5) received OrgNC45 0.04mgkg" 1 and 0.08mgkg" 1 respectively, without any previous administration of suxamethonium. The indices studied were: peak twitch height depression (suxamethonium or OrgNC45, or both); onset time (the time from the end of the injection of OrgNC45 until the maximum effect was reached); the duration to 25% recovery; the time required from 25% to 75% recovery of the twitch height; and the duration (the time between the end of the injection of Org NC 45 until recovery of the twitch height to 90% of control). Endotracheal intubation was performed in groups I, II, III and V at the point of maximum twitch height depression following the administration of suxamethonium or OrgNC45 0.08mgkg" 1 and the lungs were ventilated mechanically with a gas mixture of nitrous oxide in oxygen (2:1 v/v). The patients of group IV were ventilated artificially with nitrous oxide in oxygen (4:2 v/v) via a face-mask. Blood-gas analyses were performed regularly and the volume of ventilation adjusted to achieve normocapnia (Paco 2 4.99-5.59 kPa).
Statistical analysis of the data was performed using an unpaired bilateral Wilcoxon test. Statistical significance was assumed when 2P was less than 0.05.
RESULTS
In all the patients receiving suxamethonium, the duration of complete neuromuscular block was 13min (range 10-21 min). During recovery from the suxamethonium blockade, train-of-four (2-Hz) stimulations, given at random, never showed a fade phenomenon (by definition: T4/T1 ratio less than 0.7 (Durant and Katz, 1982) ). The neuromuscular blockade induced by the administration of OrgNC45 0.04mgkg" 1 given at different intervals (5, 15 and 30 min after full recovery from suxamethonium blockade) was similar in the various (table I) , and no significant differences could be detected in the indices under consideration. The mean values obtained in groups I, II and III were: peak TH depression = 4% of initial value (range 0-25); onset time = 3.8 min (range 2.5-6); duration to 25% of recovery = 15.3min (range 12-31); recovery rate =10.7min (range 12-31). When compared with group IV, in which OrgNC45 0.04 mg kg" 1 was used without the previous administration of suxamethonium, the patients in groups I, II and III showed more pronounced maximal TH depression (P<0.01) and a longer total duration to 90% recovery (P<0.01). Since the administration of OrgNC45 0.08 mgkg" 1 alone produced neuromuscular blockade comparable to that produced by OrgNC45 0.04 mg kg 1 following suxamethonium, this group of patients (group V) served as a control group for the comparison with groups I, II and III as their maximal TH depressions were identical: 3% of initial value (range 0-8) against 4 % (range 0 -2 5).
Although the onset time of group V (6.9 min, range 5-9.5) was longer than that in groups 1, 11 and III (3.8min, range 2.5-6; P<0.01) no significant differences were observed for the duration to 25% of recovery and the TH 25 _75 recovery rate.
In groups II and III, the duration to 90% recovery was shorter (P<0.05) than for group V (26.6 and 26.2 min v. 38.3 min).
DISCUSSION
After full recovery from a single dose of suxamethonium i.v., the subsequent administration of OrgNC45 in the dose which, when given alone, produced approximately a 50% depression in twitch height (Krieg, Hendrickx and Crul, 1981 : see also results of group IV patients) was followed by almost complete neuromuscular blockade. This potentiation of the neuromuscular blocking action of Org NC 45 by the previous administration of suxamethonium is unlikely to be a transitory event. The degree of TH depression produced by OrgNC45 following suxamethonium was not modified by increasing time (5 min to 30 min) after full recovery from the depolarizing blockade. As compared with the patients receiving either OrgNC45 0.04 or 0.08 mg kg" 1 alone, the previous administration of suxamethonium not only markedly shortened the onset time, but also prolonged the duration of action of OrgNC45. Once again, these alterations of the neuromuscular effects of OrgNC45 were not changed significantly by the time between the administration of suxamethonium and that of OrgNC45.
The reasons for the prolonged abnormal function of the neuromuscular junction after the administration of suxamethonium in man under the conditions of this investigation are not easy to delineate because of the absence of relevant data concerning the plasma and the junctional concentrations of suxamethonium and its metabolite (succinylmonocholine) in relation to the neuromuscular blocking effect of suxamethonium in animals and in man. Additionally, any changes in the electrophysiological properties of the motor-end plate following the administration in sequence of suxamethonium and non-depolarizing neuromuscular blocking drugs are not known.
Nevertheless, one possibility is that once the blockade induced by suxamethonium, and recorded by monitoring the twitch height has worn off, numerous end-plate receptors either remain occupied by suxamethonium, or are free from suxamethonium but have developed an abnormality of function which results in an increased affinity for antagonists. In non-mammalian neuromuscular preparations Rang and Ritter (1969) observed enhanced antagonist binding after pretreatment with agonists. Such an alteration in the function of endplate receptors in the mammal remains to be confirmed experimentally, but could explain the potentiation of non-depolarizing neuromuscular blocking activity, the decrease in onset time and the delayed recovery observed after the administration of depolarizing and non-depolarizing drugs in sequence in man
In conclusion, the present results confirm that the dose of OrgNC45, and probably other nondepolarizing blockers, can be decreased following the administration of suxamethonium. Moreover, the present observations indicate that this decrease in dose could be applicable for at least 30 min after total clinical recovery from the neuromuscular blockade induced by suxamethonium.
